The study of convective heat transfer in nanofluids is gaining a lot of attention. The nanofluids have many applications in the industry since materials of nanometer size have unique physical and chemical properties. Nanofluids are solid-liquid composite materials consisting of solid nanoparticles or nanofibers with sizes typically of 1-100 nm suspended in liquid. Nanofluids have attracted great interest recently because of reports of greatly enhanced thermal properties. For example, a small amount (<1% volume fraction) of Cu nanoparticles or carbon nanotubes dispersed in ethylene glycol or oil is reported to increase the inherently poor thermal conductivity of the liquid by 40% and 150%, respectively as reported by Eastman et al. [1] and Choi et
Soret effect on natural convection boundary-layer flow of a non-Newtonian nanofluid over a vertical
www.iosrjournals.org 53 | Page al. [2] . Conventional particle-liquid suspensions require high concentrations (>10%) of particles to achieve such enhancement. However, problems of theology and stability are amplified at high concentrations, precluding the widespread use of conventional slurries as heat transfer fluids. In some cases, the observed enhancement in thermal conductivity of nanofluids is orders of magnitude larger than predicted by well-established theories. Nanofluids are used in different engineering applications such as microelectronics, microfluidics, transportation, biomedical, solid-state lighting and manufacturing. The research on heat and mass transfer in nanofluids has been receiving increased attention worldwide. Many researchers have found unexpected thermal properties of nanofluids, and have proposed new mechanisms behind the enhanced thermal properties of nanofluids. Excellent reviews on convective transport in nanofluids have been made by Buongiorno [3] and Kakac and Pramuanjaroenkij [4] . Kuznetsov and Nield [5] studied analytically the natural convective boundary-layer flow of a nanofluid past a vertical plate. The model used for the nanofluid incorporates the effects of Brownian motion and thermophoresis. Also, it is interesting to note that the Brownian motion of nanoparticles at molecular and nanoscale levels is a key nanoscale mechanism governing their thermal behaviors. In nanofluid systems, due to the size of the nanoparticles, the Brownian motion takes place, which can affect the heat transfer properties. As the particle size scale approaches to the nanometer scale, the particle Brownian motion and its effect on the surrounding liquids play an important role in the heat transfer. The boundary-layer flow of non-Newtonian fluids in a porous media in which the main driving force is gravity has attracted a large class of applications in engineering practice, particularly in applied geophysics, geology, groundwater flow and oil reservoir engineering. Due to the increase in the production of heavy crude oils, and elsewhere where materials whose flow behavior in shear cannot be characterized by Newtonian relationships, it has become necessary to have an adequate understanding of the archeological effects of nonNewtonian fluid flows and, as a result, a new stage in the evolution of fluid dynamic theory is in progress. Chen and Chen [6] presented similarity solutions for free convection of non-Newtonian fluids over vertical surfaces in porous media. Mehta and Rao [7] investigated buoyancy induced flow of non-Newtonian fluids over a nonisothermal horizontal plate embedded in a porous medium. The effect of uniform lateral mass flux on natural convection about a cone embedded in a saturated porous medium is numerically analyzed by Yih [8] . Chamkha [9] considered coupled heat and mass transfer by mixed convection for a non-Newtonian power-law fluid flow over a permeable wedge embedded in a fluid-saturated porous medium. Nield and Kuznetsov [10] studied the natural convection past a vertical plate, in a porous medium saturated by a nanofluid. The model used for the nanofluid incorporates the effects of Brownian motion and thermophoresis.
The diffusion of mass due to temperature gradient is called Soret or thermo-diffusion effects ; this effect might become significant when density differences exist in the flow regime. For example, when species are introduced at a surface in fluid domain, with different (lower) density than the surrounding fluid Soret effect can be significant. The Soret parameter has been utilized for isotope separation and in mixture between gases with very light molecular weight ( 2 H ,He) and of medium molecular weight ( 2 N , air). Dursunkaya and Worek [11] studied diffusion-thermo and thermal-diffusion effects in transient and steady natural convection from a vertical surface, whereas Kafoussias and Williams [12] presented the same effects on mixed convective and mass transfer transfer steady laminar boundary layer flow over a vertical flat plate with temperature dependent viscosity. The linear stability analysis of Soret-driven thermosolutal convection in a shallow horizontal layer of a porous medium subjected to inclined thermal and solutal gradients of finite magnitude was investigated theoretically by Narayana et al. [13] . Recently, the effect of melting and thermodiffusion on natural convection heat and mass transfer in a non-Newtonian fluid-saturated non-Darcy porous medium was presented by Kairi and Murthy [14] . Porous media heat transfer problems have several engineering applications such as geothermal energy recovery, crude oil extraction, ground water pollution, thermal energy storage and flow through filtering media. Cheng and Minkowycz [15] presented similarity solutions for free convective heat transfer from a vertical plate in a fluid saturated porous medium. Gorla and Zinolabedini [16] and Gorla and Tornabene [17] solved the nonsimilar problem of free convective heat transfer from a vertical plate embedded in a saturated porous medium with an arbitrarily varying surface temperature or heat flux. Chen and Chen [18] and Mehta and Rao [19] presented similarity solutions for free convection of non-Newtonian fluids over horizontal surfaces in porous media. Nakayama and Koyama [20] studied the natural convection over a non-isothermal body of arbitrary geometry placed in a porous medium. All these studies were concerned with Newtonian fluid flows. The boundary layer flows in nanofluids have been analyzed recently by Nield and Kuznetsov [10, 21] . A clear picture about the nanofluid boundary layer flows is still to emerge. Rashad et al. [22] analyzed the effect of uniform transpiration velocity on free convection boundary layer flow of a non-Newtonian fluid over a permeable vertical cone embedded in a porous medium saturated with a nanofluid. The effects of Brownian motion and thermophoresis are included for the nanofluid. Hady et al. [23] reported the problem of non-Darcian free convection of a non-Newtonian fluid from a vertical sinusoidal wavy plate embedded in a porous medium. Hady and Ibrahim [24] studied the effect of the presence of an isotropic solid matrix on the forced convection heat transfer rate from a flat plate to power-law non-Newtonian fluid-saturated porous medium. Mahdy and Hady [25] studied the effects of thermophoretic particle deposition of the free convective flow over a flat plate embedded in non-Newtonian fluid-saturated porous medium in the presence of a magnetic field. The free convective heat transfer to the power-law non-Newtonian flow from a vertical plate in a porous medium saturated with nanofluid under laminar conditions is investigated by Hady et al. [26] .
This study has been undertaken to analyze Soret effect on natural convection boundary-layer flow of a non-Newtonian nanofluid over a vertical cone embedded in a porous medium. The effects of Brownian motion and thermophoresis are included for the nanofluid. Numerical solutions of the boundary-layer equations are obtained and discussion is provided for several values of the nanofluid parameters governing the problem. The effects of buoyancy ratio, Soret number on the physical quantities of the flow, heat and mass transfer coefficients are analyzed. Comparison with previously published work is performed and the results are found to be in very good agreement. 
II. ANALYSIS
Consider the problem of uniform transpiration velocity effect on free convection boundary-layer flow of a non-Newtonian fluid over a permeable vertical cone embedded in a porous medium saturated with a nanofluid. The model used for the nanofluid incorporates the effects of Brownian motion and thermophoresis. It assumed that the cone surface is maintained at a constant temperature w T , a constant nanoparticle volume C an upward flow is induced as a result of the thermal and nanoparticle volume fraction buoyancy effects. Fig. 1 shows the flow model and physical coordinate system. The origin of the coordinate system is placed at the vertex of the cone, where x and y are Cartesian coordinates measuring distance along and normal to the surface of the cone, respectively. We adopt the model of non-Newtonian power-law fluid flow in a porous medium proposed by Christopher and Middleman [27] and Dharmadhikari and Kale [28] . The governing equations for the problem under consideration with the boundary-layer and Boussinesq approximations and the modified Darcy-law can be written as (see Yih [8] ): 
With the boundary conditions:
Where
are the regular buoyancy ratio, the nanofluid buoyancy ratio, Brownian motion parameter, thermophoresis parameter, Lewis number, Schmidt number, Soret number and modified local Rayleigh number, respectively. It 
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HEAT AND MASS TRANSFER COEFFICIENTS
The primary objective of this study is to estimate the parameters of engineering interest in fluid flow, heat and mass transport problems are the Nusselt number Nu , the nanoparticles Sherwood number NSh , and the regular Sherwood number Sh . These parameters characterize the surface drag, the wall heat, nanoparticle mass transfer and regular mass transfer rates, respectively. The local heat, local nanoparticle mass flux and local regular mass fluxes from the vertical plate can be obtained from:
. , , , are given by:
Effect of the various parameters involved in the investigation on these coefficients is discussed in the following section.
III. RESULTS AND DISCUSSION
The non-linear Eqs. (8)- (11) Table 1 Values of ( , 
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V. CONCLUSION
In the present work, we have studied theoretically the problem of Soret effect on natural convection boundary-layer flow of a non-Newtonian nanofluid over a vertical cone embedded in a porous medium. The model used for the nanofluid incorporates the effects of Brownian motion and thermophoresis. The obtained non-similar differential equations were solved numerically by using an efficient numerical shooting technique with a fourth-order Runge-Kutta scheme (MATLAB package). The results focused on the effects of the 
